The objective of the investigations was to determine the effect of drying temperature and air speed on cichoric acid and alkylamide content in one-year-old Echinacea purpurea aerial biomass. The samples were obtained from a commercial crop at the Faculty of Agronomy, University of Concepción, in Chillán, Chile. Samples were harvested between 9-11 am. They were thoroughly cleaned and then dried in a `Protector and Schwarz` dryer. A completely randomised design was applied with factorial arrangement of two factors: temperature and air speed. The experimental units were trays with 1 kg plant in each one. Each tray was weighed every 5 minutes until samples had moisture content of 15%. Thereafter samples were ground and cichoric acid and alkylamide content was determined. Results indicated that temperature had a significant effect on the content of both metabolites. The highest content for both metabolites was determined at 40 ºC. The data clearly reveals that as temperature or air speed was increased, dehydration time decreased.
INTRODUCTION
Echinacea purpurea is one of the nine Echinacea species, which are native in North America. Echinacea's extracts are frequently used as an immunostimulant to prevent and treat common colds and respiratory infections. Modern pharmacological research, especially on E. purpurea, provided positive results to support these traditional uses (Bauer, 1994 , Ernst and Stevinson, 1999 , Tang-Sheng Peng et al., 1999 , Stuart and Wills, 2000 . Cichoric acid and alkylamides have been thought to play a role in the pharmaceutical activity of this plant, and therefore, they are used as marker components for quality control of this species. Different reports indicate that not only genetic variability, environment, crop management and time of harvest influence the content of active principles in the plant, but also post-harvest plant handling may have as much importance as pre-harvest management. Drying technology is one of the most important factors affecting active ingredient content, however, little information has been published in this respect on E. purpurea. Cáceres (2000) advises drying all medicinal herbs at about 40 °C, unless the plant is thermo-resistant, using a 5 cm deep bed in order to avoid blackening of the leaves; and drying up to 10 % final moisture content. This advice is probably due to the high relative humidity of Cáceres's country, Guatemala. If rather low moisture contents were reached, the plants' tissues would be harmed too. The objective of this research was to evaluate the effect of drying temperature and air speed on cichoric acid and alkylamide content of aerial biomass collected from one year-old E. purpurea.
MATERIALS AND METHODS

Plant Material
The samples were obtained from a commercial E. purpurea crop at the Faculty of Agronomy Experimental Station, University of Concepción, Chillán, Chile (36º26' S; 72º 06' W, a 144 m o.s.l.), grown in a `typical haploxerand` soil. E. purpurea aerial biomass was hand-harvested, between 9 -11 am, at full flowering (March 15 th ).
Drying
After careful cleaning E. purpurea aerial biomass was dried in a `Proctor and Schwartz` pan dryer with ten levels and two trays in each level. A completely randomised design with a factorial arrangement and four replications was used. The main factors were temperature (30, 40, 60 and 80 ºC) and air speed (1 and 2 m s -1 ). For each treatment eight pans, each with a 1 kg sample, were used, arranged in four levels, with two pans per level. Each tray was weighed every 5 min in the first two hours, after that a 0.5 h interval was used until an approximately 15 % moisture content was reached. The moisture content of the sample was determined at the beginning and at the end of the drying process.
Chemical Analysis
The dried samples were first ground with a hammer mill and then with Retsch mill using a grating with a 500 mesh. The moisture content of the milled samples was reduced with Binder convection oven using air circulation at 70 °C for 24 h. The samples (1 g) were mixed with 100% methanol and 80% methanol solution, sonicated for 10 min, filtered through Whatman paper Nº 1, and completed to 100 ml with methanol (Stuart and Wills, 2000) . The cichoric acid and alkylamide content were determined according to the method described by Stuart and Wills (2000) using Merck Hitachi L-6200 HPLC chromatograph, with an L-4200 UV-Visible detector and a 100 RP-18, 5µm LiChrosphere column with a pre-column LiChroCART 4-4, flow: 1 ml/min, injection volume: 10 µl. The measurements were made at 254 nm for the alkylamides and 330 nm for cichoric acid. The results are calculated to the dry matter basis. With the above data collected, an ANOVA analysis was done for the selected experimental design. The differences between the means was determined using the LSD test at 95 % significance.
RESULTS AND DISCUSSION
The average total cichoric acid and alkylamide content fluctuated between 0.1135-0.0616 and 0.0603-0.0485% respectively (Table 1) . Drying temperature had a significant effect on the content of both metabolites for both air velocities. Those dehydrated at 40 ºC had higher levels of both metabolites. Those dehydrated at 30ºC were not well dehydrated and the content of these molecules was significantly reduced. The drying time was too slow, therefore the trial was not repeated at a lower velocity or temperature.
Air velocity did not have a significant effect, although a certain tendency was observed obtaining lower cichoric acid levels when an air velocity of 2 ms -1 was employed. This was not the case for the alkylamides. From these results it can be deduced that the best temperature for drying of E. purpurea is 40 ºC, with either 1 or 2 ms -1 air velocity.
It was important to determine the time that is required to reach the optimum humidity content of the product. In the case of medicinal plants Cáceres (2000) recommends 10% moisture content to assure that there will be neither fungal nor aflatoxin problems. As a consequence, greater humidity reductions are not justified from the point of view of product quality and conservation, instead the opposite is true, the cost of the process is increased. In addition, the extraction of humidity is progressively more difficult as moisture content is reduced. In Fig. 1 the drying procedure for the treatment of 40 °C at 1 ms -1 air velocity is presented, which proved to be the best treatment in regard to active ingredients. The regression curves indicate an exponential model, related to the two initial humidity contents, which were 4.2 and 2.88g water/g of dry matter. The regression curves (R 2 ) were significant at 5% level. From these models, the times necessary to reach a humidity content of 10% were estimated (Table 2, Fig. 2 ). The mathematical analysis ANOVA indicated that there was an interaction between the factors of temperature and air velocity. For equal temperatures, the dehydration time for each air velocity was different, nevertheless, the same tendency was observed at all the temperatures tested. The statistical analysis indicates a significant difference for both the temperature and air velocity. To the extent that the higher temperature or air velocity was applied, the dehydration time was reduced. Fig. 3 shows the moisture content (dry matter), and the dehydration velocity for the treatment 40 °C and 1 ms -1 . Initially, a short period of increased velocity can be observed which later continues as a constant velocity. In this period the dehydration velocity is determined by the large supply of water moving from the interior to the surface of the product and the temperature at which this occurs is the temperature of the humid bulb (Broker, et al., 1978; Heldman and Singh, 1981) . Later, the dehydration is slowing down continually, as the supply of water moving from the interior of the product is more difficult. Finally, the velocity approaches zero as the product reaches equilibrium moisture content.
CONCLUSIONS
Based on the results of the experiments, to ensure the highest levels of cichoric acid and alkylamides, it is recommended that the aerial part of E. purpurea has to be dehydrated at a temperature of 40 ºC and using air velocity of 1 or 2 ms -1 . Nevertheless, it is important to point out that as a higher temperature or air velocity was applied, dehydration time was reduced, which had an adverse effect on quality of the product. 
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